A giant cell tumor (GCT) was detected on the distal end of the femur in a 98-wk-old male Fischer 344 rat. The yellowish white mass had expanded, compressing adjacent muscle tissues. The tumor had an osteolytic and relatively homogeneous appearance and was composed of multinuclear giant cells scattered in a mass of mononuclear stromal cells. No osteoid tissue formation was observed. The tumor cells were strongly immunoreactive for ED-1 and some were also positive for &alpha;-smooth muscle actin, suggesting that the tumor originated from the monocyte/macrophage lineage showing myofibroblastic differentiation. This is the first report concerning spontaneous GCT of bone in a rat.
' BACKGROUND BACKGROUND Spontaneous neoplasm of bone is relatively rare in animals. Giant cell tumor (GCT) of bone in particular is an exceedingly rare primary skeletal neoplasm among animals, with most cases being reported in dogs and cats (7, 8, 10) . Moreover, bone tumors, including GCT, characterized by the appearance of multinuclear giant cells cause some problems in differential diagnosis. At first, osteosarcomas occasionally contain numerous multinucleated osteoclastlike cells (1, 9) . In addition, the relationship between GCT and malignant fibrous histiocytoma (MFH) of giant cell type is unclear (4) . In this report, we describe for the first time an instance of GCT arising in the femur of an aged rat and discuss the differential diagnosis and origin of the tumor.
CASE REPORT
The affected animal was a treated male Fischer 344 rat (Charles River Japan, Inc., Kanagawa, Japan) from an earlier carcinogenicity study with a candidate pharmaceutical agent. All experiments were approved by the Animal Care and Use Committee of the Eisai. Animals of the earlier study were maintained on a standard laboratory diet and water ad libitum in suspended metal cages in an air-conditioned room at 23°C. Because the test compound was concluded to be noncarcinogenic and no tumors of the same type were observed in other animals, the tumor in this animal was considered spontaneous. The rat was euthanatized under sodium pentobarbital anesthesia at 98 wk of age because of its poor general condition. At necropsy, the lesions were removed along with other organs and tissues and fixed in 10% neutral-buffered formalin. A portion of the femur lesion was decalcified with EDTA. They were embedded in paraffin, sectioned, and stained with hematoxylin and eosin. Additional sections were also subjected to periodic acid-Schiff reaction, Mallory-azan stain for collagen fibers, Watanabe's silver impregnation for reticulin fibers, and Kossa's method for calcium deposition. Immunohistochemical staining was carried out on the paraffin-embedded sections using the labeled streptavidin-biotin method (5) . The primary antibodies and the final dilution used in their application were as follows: anti-human muscle actin monoclonal (Dako Corp., Carpinteria, CA), 1:50; anti-human asmooth muscle actin monoclonal (Dako A/S, Glostrup, Denmark), 1:50; anti-human lysozyme sheep polyclonal (Transformation Research, Inc., Framingham, MA), 1: 2,000; and anti-rat ED-1 monoclonal (Serotec Ltd., Oxford, UK), 1:100. An ultrastructural examination was conducted on the formalin-fixed tumor tissues. The specimens were postfixed in osmium tetraoxide and then embedded in epoxy resin. Ultrathin sections were double stained with uranyl acetate and lead nitrate and examined with an electron microscope (JEOL JEM-100S; JEOL Co., Ltd., Tokyo, Japan). PATHOLOGY Macroscopic examination revealed a yellowish white expansive lesion, compressing adjacent muscle tissue, on the distal end of the femur. The cut surface was 2 cm in diameter and showed a relatively homogeneous appearance. A metastatic second large mass was found in the pelvis adhering to the dorsal peritoneum. Many other small nodules measuring up to 1 cm in diameter were scattered throughout the liver, kidney, and lung and on the peritoneal surface. The thymus was markedly enlarged. Microscopically, the tumor tissue showed osteolytic expansion, a partly invasive form of growth ( Fig.   1 ). Some reactive osseous tissue formation was observed in the periosteum of the femur. All the regions of the tumor were composed of both numerous multinuclear giant cells and various amounts of ovoid polygonal to spindle-shaped mononuclear cells ( Fig. 2A ). Cytologically, the mononuclear cells had moderately hyperchromatic nuclei with pale eosinophilic cytoplasm, and mitotic figures were not apparent. Giant cells contained up to approximately 30 nuclei and abundant cytoplasm. Some giant cells were characterized by rather small pyknotic nuclei and eosinophilic cytoplasm (Fig. 2B ). No osteoid tissue formation was observed in the tumor. Occasionally there were foci of collagen fibers with or without pyknotic giant cells. Tumor metastases were detected in the peritoneal mass, liver, kidney, lung, spleen, thymus, mesenteric lymph node and the other side of femur bone marrow. All metastatic lesions were histologically similar to the primary tumor.
Immunohistochemically, a large number of mononuclear cells were extensively positive for ED-1, a marker for hematopoietic monocytes or macrophages (Fig. 3A ). Granular staining was evident in the cytoplasm. Some multinuclear giant cells were also positive for ED-1; however, almost all pyknotic giant cells were negative. Nonneoplastic osteoclasts also were strongly positive for ED-1. A few mononuclear cells were positive for lysozyme, but most of these were thought to be reactive nonneoplastic cells because of their larger nuclei and scant chromatin. A few mononuclear cells and some multinuclear giant cells stained positively for a-smooth muscle actin (Fig. 3B ). The distribution of these cells tended tc be multifocal, but the areas were not morphologically distinct. The positive reaction for a-smooth muscle actir was more prominent in the cytoplasmic margin of the mononuclear cells, and some multinuclear giant cells aisc exhibited a similar staining pattern. The pyknotic giant cells were negative for a-smooth muscle actin. Muscle actin antibody stained positively only a few tumor cells Ultrastructurally, the tumor cells had prominent mito chondria and dilated rough endoplasmic reticulum in the cytoplasm and were morphologically similar to osteo clasts. Some cells showed histiocytic differentiation witl many lysosomal granules. Other cells showed myofibro multinuclear giant cells. Osteosarcomas occasionally contain numerous multinucleated osteoclastlike cells, and the formation of tumor osteoid is an essential feature (l, 9) . However, the relationship between GCT and MFH of giant cell type is unclear (4) . In humans, MFH of giant cell type has a degree of multinodularity not generally encountered in GCT of bone and does not create major osseous defects as would be expected in GCT (4) . In addition, MFH usually consists of prominent fibrous and histiocytic components, and interlacing bundles or spindle cell component are often seen in rats (2) . This case showed an osteolytic and relatively homogeneous appearance, and no ossified lesion or ultrastructural deposition of mineralized matrix was observed. Furthermore, this tumor contained few if any fibrous or spindle cell components. This is the first report describing spontaneous GCT of bone in the rat.
The origin of GCT cells has not yet been completely understood. The multinuclear giant cells of GCT have been thought to arise through the fusion of mononuclear (8, 11) , and have histochemical and ultrastructural features similar to those of true nonneoplastic osteoclasts (8, 12) . Immunohistochemical and electron microscopic studies in human cases of GCT have suggested several possibilities as to their origin, i.e., monocyte/macrophage lineage, fibrohistiocytic cells, or myofibroblasts (3, 6, 11) . In the present case, the majority of the tumor cells indicated differentiation into the monocyte/macrophage lineage, which was demonstrated by a positive reaction to ED-1. However, some also showed differentiation into the myofibroblast or smooth muscle lineage. The present tumor cells showed immunohistochemical and ultrastructural characteristics similar to those of normal osteoclasts. Thus, the origin of this GCT was considered to be monocyte/macrophage lineage cells that differentiated into osteoclasts and/or myofibroblasts.
